We conducted a multicentre, retrospective, observational study including patients with solid tumours (excluding breast cancer) that received granulocyte colony-stimulating factors (G-CSF) and chemotherapy. We investigated the effectiveness of daily vs. non-daily G-CSFs (pegfilgrastim) adjusting by potential confounders. The study included 391 patients (211 daily G-CSF; 180 pegfilgrastim), from whom 47.3% received primary prophylaxis (PP) (57.8% pegfilgrastim), 26.3% secondary prophylaxis (SP: initiation after cycle 1 and no reactive treatment in any cycle) (51.5% pegfilgrastim) and 26.3% reactive treatment (19.4% pegfilgrastim). Only 42.2% of patients with daily G-CSF and 46.2% with pegfilgrastim initiated prophylaxis within 72 h after chemotherapy, and only 10.5% of patients with daily G-CSF received it for Ն7 days. In the multivariate models, daily G-CSF was associated with higher risk of grade 3-4 neutropenia (G3-4N) vs. pegfilgrastim [odds ratio (OR): 1.73, 95% confidence interval (CI): 1.004-2.97]. Relative to SP, PP protected against G3-4N (OR for SP vs. PP: 6.0, 95%CI: 3.2-11.4) and febrile neutropenia (OR: 3.1, 95%CI: 1.1-8.8), and was associated to less chemotherapy dose delays and reductions (OR for relative dose intensity <85% for SP vs. PP: 3.1, 95%CI:
INTRODUCTION
Granulocyte colony-stimulating factors (G-CSF) are cytokines that regulate the proliferation, differentiation, and survival of haematopoietic stem cell precursors and mature peripheral effector cells. The preventive use of G-CSF in cancer patients undergoing chemotherapy according to current international guidelines can help overcome the frequent problem of chemotherapy-related myelotoxicity (Crawford et al. 1991 (Crawford et al. , 2005 Messori et al. 1996; Aapro et al. 2006; Gabrilove 2006; Kuderer et al. 2006 Kuderer et al. , 2007 NCCN 2012) . The occurrence of this complication is strictly related to the characteristics of the employed chemotherapy regimens, including the interval between cycles.
Neutropenia and febrile neutropenia not only can compromise the safety of the patient and cause unplanned hospitalisations, but also can induce dose reduction in a large percentage of patients (Lyman 2006) . The role of chemotherapy and the maintenance of its doses and schedules are of great importance, particularly in the so-called chemosensitive tumours (Marangolo et al. 2006) . Haematological toxicity remains the main cause of dose reductions or delays, and the reduction of dose intensity can potentially worsen clinical outcome in some cases.
Daily G-CSFs, such as filgrastim or lenograstim, should be administered daily until the expected neutrophil nadir is passed and the neutrophil count has recovered to the normal range, which usually requires up to 2 weeks of treatment. In clinical trials where daily G-CSFs were continued until either the neutrophil count reached Ն10 ¥ 10 9 /L or for up to 14 days, whichever occurred first, the mean duration of G-CSF prophylaxis was up to 10-11 days (Dale et al. 1993; Muhonen et al. 1996; Bishop et al. 2000; Holmes et al. 2002b; Green et al. 2003; Siena et al. 2003) . However, several observational studies have reported that in most patients treated in the clinical practice, duration of prophylaxis with daily G-CSFs is less than 7 days, and that a short duration of daily G-CSF treatment is associated with worse neutropenia-related clinical outcomes (Weycker et al. 2006; Morrison et al. 2007) . From these studies, it is derived that an adequate use of G-CSF prophylaxis is crucial in chemotherapy regimens in which the maintenance of dose intensity or increase of dosedense is the most important tool for outcome. The day of initiation after chemotherapy delivery is also variable, and an early use of myeloid growth factors, before the neutrophil count is too low, is crucial for ensuring their efficacy (Shochat & Rom-Kedar 2008) .
A pegylated formulation of filgrastim, pegfilgrastim, which is administered once per cycle, may play an important role in reducing the duration and incidence of haematological toxicities by ensuring an adequate G-CSF administration (Holmes et al. 2002a; Grigg et al. 2003; Schippinger et al. 2006; Pinto et al. 2007; Eldar-Lissai et al. 2008) . The LEARN I study, conducted in 2003, was a multicentre, retrospective, observational study in Spain comparing patterns of use of daily G-CSF and pegfilgrastim, and neutropenia-related outcomes in adults with non-myeloid malignancies receiving myelosuppressive chemotherapy (Almenar et al. 2009 ). In that study, chemotherapy-induced neutropenia-related complications were less frequent in patients receiving pegfilgrastim, and the median number of injections per cycle in patients treated with filgrastim was 6 in the first cycle and 5 in the subsequent cycles or in reactive use.
The present observational study was designed to provide updated information about patterns of use of G-CSFs in the clinical practice of Spanish oncology services and to compare neutropenia-related outcomes in patients treated with a daily G-CSF compared with patients treated with a non-daily G-CSF (pegfilgrastim), after adjusting by potential confounders.
PATIENTS AND METHODS
We conducted a multicentre, retrospective, observational, two-cohort study that included adult patients (Ն18 years) with solid tumour (excluding breast cancer) who had undergone chemotherapy with at least one concomitant G-CSF (daily or non-daily) administration more than 2 months ago. Patients who had participated in a clinical trial during the retrospective follow-up period (see Fig. 1 ) or who had insufficient data in the patient file regarding the primary outcome were excluded. Fifty medical oncology services of public and private hospitals geographically distributed across Spain were invited to participate in the study, and 68% (n = 34) agreed to participate. To reduce Daily vs. non-daily G-CSF in solid tumours biases, each investigator was asked to review the patient files of the most recent five patients treated with a daily G-CSF and the most recent five patients treated with pegfilgrastim in the centre. Data collection period ranged from October 2008 to November 2009. The protocol was approved by an independent ethics committee.
The primary outcome measure was the percentage of patients with grade 3-4 (G3-4) neutropenia over the follow-up period, defined as absolute neutrophil count (ANC) < 1.0 ¥ 10 9 /L. Secondary outcome measures included incidence of febrile neutropenia (FN) (defined as ANC < 0.5 ¥ 10 9 /L and fever Ն38°C within the same day) over the follow-up period, percentage of patients with chemotherapy dose delays (defined as a delay of >3 days in any cycle) or reductions (defined as <85% of planned chemotherapy dose for any agent in the regimen in any cycle), percentage of patients with chemotherapy dose intensity Ն85% (defined as Ն85% of planned chemotherapy dose for all agents in the regimen and Յ3 days dose delay) over all cycles, number and duration of FN-related hospitalisations and response to chemotherapy treatment according to physician's criterion [complete response, partial response or non-response (stable or progressive disease)]. Data on demographic and clinical characteristics, baseline serum biochemistry, chemotherapy and G-CSF administration, adverse effects related to G-CSFs, hospitalisations due to other reasons and use of antibiotics during the follow-up period were also collected. Type of G-CSF use was recorded by the investigator in the case report form and defined as primary prophylaxis (G-CSF use in the first cycle before a documented G3-4 neutropenia occurred), secondary prophylaxis (incorporating G-CSF prophylaxis in cycles other than the first before a documented G3-4 neutropenia occurred and no reactive treatment in any cycle) or treatment (G-CSF use as reactive treatment for neutropenia).
Statistical analyses
Results are given as mean and standard deviation (or median and quartiles) for continuous measures and as numbers and percentages for categorical measures. Data were compared between the two cohorts (daily G-CSF and pegfilgrastim) and between subgroups defined by patterns of use of G-CSF and number of days of daily G-CSF treatment using Student's t-tests or Mann-Whitney U-tests for continuous variables and chi-squared tests for categorical variables. Multivariate logistic regression models were constructed to examine the effect of type of G-CSF used (daily or non-daily) on five study outcomes [G3-4 neutropenia, febrile neutropenia, hospitalisation due to febrile neutropenia, chemotherapy dose intensity <85% and response to chemotherapy (partial or complete)] after adjusting by possible confounders. Variables were selected using a stepwise technique (using P Յ 0.20). When collinearity was observed, the variable less strongly associated with the outcome of interest was excluded from the model. spss version 17.0 (SPSS Inc, Chicago, Illinois, USA) was used for all analyses.
RESULTS

Characteristics of patients who received daily G-CSF or pegfilgrastim
The investigators of the 34 participating centres reviewed a total of 441 patient files. Fifty patients were excluded for having received more than one type of G-CSF. Thus, the study included 391 patients treated between January 1999 and December 2008, 211 who had received a daily G-CSF (196 with filgrastim and 15 with lenograstim) and 180 who had received a non-daily G-CSF (pegfilgrastim). Table 1 shows the main clinical characteristics, patterns of use of G-CSF and chemotherapy administration in the two study cohorts. Patients who received a daily G-CSF were older, had more gastrointestinal tumour type and were treated with less cytotoxic antibiotics and completed a higher number of chemotherapy cycles. No significant differences were found in the other clinical or demographic characteristics, including tumour stage, previous cancer treatment or baseline serum biochemistry. Most patients in both groups had advanced stage (III-IV) tumours (79.3%). 9 /L 4.7 (2.9) 4.9 (3.0) 0.478
*Other tumour types: kidney (10 and 13 patients, respectively, in daily G-CSF and pegfilgrastim groups); testicular (7 and 15 patients); prostate (5 and 6 patients); mediastinum, peritoneum or retroperitoneum (4 and 5 patients); pancreas (6 and 2 patients); soft tissue (5 and 10 patients); bone (0 and 3 patients), central nervous system (1 and 1 patient). G-CSF, granulocyte colony-stimulating factors; GOT, glutamyl oxaloacetic transaminase; GPT, glutamyl pyruvic transaminase; LDH, lactate-dehydrogenase.
Daily vs. non-daily G-CSF in solid tumours
Overall, 47.3% of patients received primary prophylaxis (57.8% with pegfilgrastim), 26.3% received secondary prophylaxis (51.5% with pegfilgrastim) and 26.3% received reactive treatment (19.4% with pegfilgrastim) (Fig. 2) . Patients selected for primary prophylaxis, compared with patients who received secondary prophylaxis, were characterised by (Table 2 ): higher percentage of stage IV tumours; less number of chemotherapy cycles; lower frequency of gastrointestinal and gynaecologic cancer type and higher frequency of soft tissue or testicular tumours; higher use of taxane-, mustard analogue-and cytotoxic antibiotics-containing regimens; higher mean baseline leucocyte count, neutrophil count and GOT (glutamyl oxaloacetic transaminase) levels. They also received a median of five injections of daily G-CSF, compared with only four in patients with SP (secondary prophylaxis). No differences were observed in the other clinical or chemotherapy characteristics.
Only 42.2% and 46.2% of patients with daily-GSF and pegfilgrastim, respectively, initiated treatment within 72 h after chemotherapy. Also only 10.5% of patients with a daily G-CSF received it for Ն7 days (l4.3% received it for Ն6 days and 45.9% received it for Ն5 days). Table 3 shows neutropenia-related outcomes in patients who had received daily compared with pegfilgrastim. Patients with daily G-CSF suffered more G3-4 and febrile neutropenia (Fig. 3a) , and more hospitalisations due to neutropenia, severe neutropenia or febrile neutropenia. They also received more antibiotics due to neutropenia. A trend toward more hospitalisation due to infection was observed, but differences were not statistically significant. In patients hospitalised due to neutropenia, the median number of hospital days was comparable for the two groups.
Neutropenia-related outcomes
In the multivariate analysis, after adjusting for possible confounding factors, daily G-CSF was associated with a significantly higher risk of severe neutropenia vs. pegfilgrastim [odds ratio (OR): 1.73, 95% confidence interval (CI): 1.004-2.97, i.e. patients who received a daily G-CSF had a 73% higher probability of G3-4N] (Table 4) . Other factors independently associated with severe neutropenia (G3-4N) were: low baseline neutrophil count (<1.5 ¥ 10 9 / L), serum creatinine >1.5 g/dL, platinum-based chemotherapy, anthracycline-based chemotherapy and a high number of chemotherapy cycles. Relative to SP, PP (primary prophylaxis) with G-CSF protected against G3-4N.
In the multivariate model for predicting FN, no significant effect was found for the type of G-CSF (OR: 1.1 for daily vs. non-daily, 95% CI: 0.47-2.6), but a higher probability of FN was observed in patients receiving SP (OR: 3.1, 95% CI: 1.1-8.8) or reactive treatment with G-CSF (OR: 11.3, 95% CI: 3.9-32.9), relative to PP. Table 5 shows the multivariate model for predicting hospitalisation due febrile neutropenia. A trend towards a higher risk of hospitalisation in patients treated with daily vs. pegfilgrastim was observed, but the effect did not achieve statistical significance (P = 0.176). Figure 3b shows the incidence of severe neutropenia and febrile neutropenia in patients receiving daily G-CSF (<5 or Ն5 days) and pegfilgrastim. Patients receiving at least 5 days of daily G-CSF displayed better outcomes than patients with less than 5 days. 
Chemotherapy dose reductions and delays and response rate
Patients who received a daily G-CSF suffered more chemotherapy dose reductions and delays and presented a lower response rate (Table 6) . Overall, 51.7% and 59.3% of dose reductions and delays, respectively, were due to neutropenia. Other reasons (multiple-choice variable) were: non-haematological toxicity (which caused 19.7% of dose reductions and 7.4% of dose delays), thrombocytopenia (15.0% and 11.3% respectively), anaemia (10.3% and 10.6%), other causes (27.8% and 29.9%). Table 7 shows the multivariate model for predicting chemotherapy dose reductions or delays (defined as chemotherapy dose intensity <85%). The independent factors associated to chemotherapy dose intensity <85% were a high number of chemotherapy cycles, a baseline neutrophil count <1.5 ¥ 10 9 /L and having received G-CSF as SP or reactive treatment, relative to patients with G-CSF as PP. Platinum and taxane-containing chemotherapy was associated to a lower probability of having chemotherapy dose intensity <85%. The type of G-CSF did not remain as a significant predictor.
Regarding response to cancer therapy, the independent factors predicting a higher probability of response in the multivariate analysis (Table 8) were chemotherapy with curative intent after surgery (adjuvant CT), relative to chemotherapy for metastatic disease and absence of Other variables tested and not included in the final model were: age, gender, stage, number of chemotherapy cycles, previous chemotherapy, platinum-containing chemotherapy, taxanes-containing chemotherapy regimen, cytotoxic antibiotics-containing chemotherapy regimen, pyrimidine analogues-containing chemotherapy regimen, baseline neutrophyl count, baseline lymphocyte count, baseline monocyte count, baseline platelet count, baseline bilirrubin, baseline LDH, baseline GOT, baseline GPT, baseline albumin, baseline haemoglobin, G-CSF use within 72 h after chemotherapy. CI, confidence interval; G-CSF, granulocyte colony-stimulating factors; GOT, glutamyl oxaloacetic transaminase; GPT, glutamyl pyruvic transaminase; LDH, lactate-dehydrogenase; OR, odds ratio. 1.20 0.75-2.0 0.409 n = 388. *P-value indicates the overall effect of the variable in the model. Other variables tested and not included in the final model were: age, gender, stage, intention of chemotherapy treatment, previous chemotherapy, platinum-containing chemotherapy, taxanes-containing chemotherapy regimen, cytotoxic antibiotics-containing chemotherapy regimen, pyrimidine analogues-containing chemotherapy regimen, mustard analogue-containing chemotherapy regimen, baseline lymphocyte count, baseline monocyte count, baseline platelet count, baseline bilirrubin, baseline LDH, baseline GOT, baseline GPT, baseline creatinine, baseline albumin, baseline haemoglobin, G-CSF use within 72 h after chemotherapy. CI, confidence interval; G-CSF, granulocyte colony-stimulating factors; GOT, glutamyl oxaloacetic transaminase; GPT, glutamyl pyruvic transaminase; LDH, lactate-dehydrogenase; OR, odds ratio. -daily) 0.84 0.47-1.5 0.557 n = 365. *P-value indicates the overall effect of the variable in the model. Other variables tested and not included in the final model were: age, gender, stage, head and neck cancer, number of chemotherapy cycles, platinum-containing chemotherapy, taxanes-containing chemotherapy regimen, mustard analogues-containing chemotherapy regimen, cytotoxic antibiotics-containing chemotherapy regimen, pyrimidine analogues-containing chemotherapy regimen, baseline neutrophyl count, baseline lymphocyte count, baseline monocyte count, baseline platelet count, baseline bilirrubin, baseline LDH, baseline GOT, baseline GPT, baseline creatinine, baseline albumin, baseline haemoglobin, G-CSF use within 72 h after chemotherapy. CI, confidence interval; G-CSF, granulocyte colony-stimulating factors; GOT, glutamyl oxaloacetic transaminase; GPT, glutamyl pyruvic transaminase; LDH, lactate-dehydrogenase; OR, odds ratio.
Daily vs. non-daily G-CSF in solid tumours
previous chemotherapy. Patients with lung, gastric or soft tissue cancer had less probability of achieving an objective response than patients with other types of tumour. Administration of G-CSF as SP or reactive treatment was also independently associated to a lower probability of response compared with PP. The type of G-CSF did not remain as a significant predictor.
Safety
The main adverse reactions to G-CSF were bone pain and astenia (Table 9) . A higher incidence of bone and muscle pain was observed with daily G-CSF, compared with pegfilgrastim (6.2% vs. 1.7%, P = 0.025). No discontinuations due adverse reactions were reported. Forty-eight patients died during the retrospective follow-up period. The reasons of death were: disease progression (n = 26), cerebrovascular disease (n = 6), overall health deterioration (n = 3), respiratory failure (n = 3), ischaemic heart disease (n = 4), infectious complications during neutropenia (n = 2), cardiac decompensation (n = 1), traffic accident (n = 1), unknown (n = 2).
DISCUSSION
Our study provides updated information on patterns of treatment and outcomes in patients with solid tumours (excluding breast cancer) treated with daily and non-daily G-CSFs in the Spanish oncology services. The two study cohorts were comparable with regard to disease severity, previous cancer treatments, clinical status at chemotherapy initiation and prescribed chemotherapy regimens, but patients who received a daily G-CSF were older and completed a higher number of chemotherapy cycles, which suggests a higher risk for neutropenia in this subgroup. Clearly, the non-daily G-CSF pegfilgrastim was more frequently used (almost double) for primary or secondary prophylaxis than filgrastim or lenograstim. After adjusting by all these possible confounders, the multivariate analysis showed an approximately 70% decrease in the probability of developing severe neutropenia in patients who received pegfilgrastim compared with patients who received a daily G-CSF. A trend toward less hospitalisation due to febrile neutropenia when pegfilgrastim is used was also observed after extensive adjustment, but probably the low rate of events did not allow to find significant differences. Better neutropenia-outcomes in patients with pegfilgrastim were translated into fewer chemotherapy dose delays and reductions, higher response rate, and less antibiotic use. However, the effect on chemotherapy dose intensity and response rate was probably due to an indirect association with G-CSF use as primary prophylaxis, since the type of G-CSF did not remain as an independent predictor of these two outcomes after the introduction of prophylactic G-CSF use into the equations. The administration of primary prophylaxis from the first cycle, independently of the patients and chemotherapy characteristics, and of the type of G-CSF used, protected against severe neutropenia and febrile neutropenia development and was associated to higher chemotherapy dose intensity and response rate. Patients selected for primary prophylaxis had more advanced disease and received less number of chemotherapy cycles with more taxanecontaining regimens than patients with secondary prophylaxis or treatment, which could have biased neutropenia outcomes, but the multivariate analyses was adjusted by all these factors. Thus, our results suggest that the benefits of primary prophylaxis on chemotherapy dose intensity and response rate in our two cohorts were directly due to the reduction in neutropenia incidence, which was the main cause of chemotherapy dose delays and reductions.
All these findings combined support that primary prophylaxis with pegfilgrastim effectively reduces the incidence of neutropenia and its related events and achieves the best outcomes in the clinical practice, with less than 5% of patients requiring hospitalisation due to this complication (Ozer et al. 2007 ). An integrated analysis of clinical trials and observational studies in breast cancer patients found similar results (von Minckwitz et al. 2009) . Also other studies have reported better outcomes for pegfilgrastim versus filgrastim after adjusting by patient and chemotherapy characteristics (Morrison et al. 2007) . Since no superiority of pegfilgrastim over filgrastim or lenograstim has been demonstrated in clinical trials (Holmes et al. 2002a; Grigg et al. 2003; Schippinger et al. 2006) , we hypothesise that the incorrect administration of daily G-CSFs in current practice might explain the observed differences. The sustained duration of action of pegfilgrastim ensures an increase in neutrophil counts for Daily vs. non-daily G-CSF in solid tumours as long as neutropenia is present (Shochat & Rom-Kedar 2008) , but if daily G-CSF injections are withdrawn too soon, the efficacy is compromised (Shochat & Rom-Kedar 2008) . In the present study, patients who received daily GCSF often initiated treatment later than recommended and received fewer days per cycle than demonstrated to be effective in randomised controlled trials, as found in previous observational studies (Koumakis et al. 1999; Scott et al. 2003; Weycker et al. 2006; Morrison et al. 2007; Almenar et al. 2009 ). Reduction of daily G-CSF treatment duration has been demonstrated to increase the incidence of febrile neutropenia (Scott et al. 2003; Marina et al. 2009 ) and hospitalisation (Weycker et al. 2006) . There is also evidence that delaying G-CSF treatment initiation increases the depth and duration of ANC nadir and delays ANC recovery, as demonstrated by a phase II trial (Crawford et al. 1997) and increases the incidence and duration of febrile neutropenia (Koumakis et al. 1999) . Thus, the suboptimal use of a daily G-CSF may represent an increased cost per patient compared with pegfilgrastim, as demonstrated by a recent pharmacoeconomic model in breast cancer patients at high risk of febrile neutropenia (Cámara et al. 2008) . Most of the factors significantly associated with severe neutropenia in our sample had been previously reported (Morrison et al. 2007; Pettengell et al. 2009 ). Chemotherapy dose delays and reductions were independently associated to a high number of chemotherapy cycles and a low baseline neutrophil count. Unexpectedly, nonplatinum and taxane-containing chemotherapy was also associated with reduced chemotherapy delivery. It is possible that physicians prescribing regimens that include both platinum and taxanes are more aware of neutropenia complications and, thus, more prone to use G-CSF prophylaxis in a proper way. In fact, we observed that patients receiving taxanes had more G-CSF use as primary prophylaxis than patients with other chemotherapy regimens. Regarding response to cancer therapy, main predictors in the study sample were chemotherapy with curative intent before or after surgery and absence of previous chemotherapy. In addition, patients with lung, gastric or soft tissue cancer had less probability of achieving an objective response than patients with other types of tumour.
The incidence of adverse reactions was similar or even lower than that reported in clinical trials (Holmes et al. 2002a; Grigg et al. 2003; Schippinger et al. 2006) . Pegfilgrastim was associated to a lower incidence of bone pain compared with daily G-CSF.
Our study has some limitations. The study cohort included a highly heterogeneous group of patients, with many tumour types at different stages who received distinct chemotherapy regimens. The efficacy of G-CSFs in solid tumours has been proven mainly in randomised trials including patients with breast cancer, sarcoma or small cell lung cancer (Crawford et al. 1991; Bui et al. 1995; Muhonen et al. 1996; Gatzemeier et al. 2000; Timmer-Bonte et al. 2005; Vogel et al. 2005) , but data from other tumour types are scarce. Observational studies suggest that the effectiveness of G-CSFs is independent of tumour location and, in fact, current NCCN guidelines for use of myeloid growth factors are common to all malignancies (NCCN 2012). According to the developed prediction equations, the risk of neutropenia differs in solid malignancies mainly due to the characteristics of the chemotherapy regimen and to some patient-related factors (age above 65 years, prior FN, other infections . . .), but the tumour site by itself does not seem to be an independent predictor of FN risk (Lyman et al. 2005 (Lyman et al. , 2011 NCCN 2012) . We entered this variable in the multivariate analyses, but the limited sample size of many tumour types did not allow us to perform stratified analyses in each location. Other limitations are the observational design, that does not allow to exclude bias by indication, and the retrospective data collection. Although we have performed a multivariate analysis to adjust by possible confounders, we cannot exclude residual confounding due to non-tested variables. Thus, results must be interpreted with caution.
In conclusion, our data suggest that the use of pegfilgrastim compared with a daily G-CSF, and primary prophylaxis compared with secondary prophylaxis could decrease the incidence of neutropenia and its related events in patients with solid tumours undergoing chemotherapy. Most patients do not receive daily G-CSF as per label, which can compromise its efficacy.
